Protein markers inheritance has been studied in 30 sunflower inbred lines developed by self-pollination method. During the development of the inbred lines, plants selection was conducted on the basis of morphological characteristics and electrophoretic spectrums of seed storage proteins. Genetic purity of sunflower plants was determined on the basis of electrophoretic spectrums of storage proteins. The sunflower lines differed in polypeptide spectrums of helianhtin, a major seed protein. This parameter was used for identification of individual genotypes. Five new inbred lines have been developed, for future use in sunflower breeding programs.
INTRODUCTION
In sunflower breeding and selection, control of genetic purity is typically based on morphological characters (or phenotype). This control method involves direct evaluation of plants. In some cases, plants different in morphotype are similar genetically. Differences in morphotype may be due to mutation. Conversely, identical morphotypes may be formed by different genes. In these cases, genetic variability based on morphological characters alone does not seem possible (Konarev, 1998; Konarev et al., 2000) .
Size of material used in contemporary sunflower breeding calls for new and effective methods. This problem can be effectively solved by electrophoresis of seeds storage proteins (helianthin) of sunflower. The electrophoretic method allows to extract storage proteins from sunflower seeds and to make helianthin electrophoregrams (Anisimova, 1989; Anisimova, 1984; Seriyes, 1981) .
Helianthin allows a precise genetic determination of the phenotype, independently of growing conditions (Anisimova, 1991) .
The structure of electrophoretic spectrum of seed storage proteins is not variable and it reflects the genetic makeup of the analyzed material. Therefore, electrophoretic spectrums of storage proteins may serve as reliable markers (Grib, 1984; Poperelya, 2000; Sozinov, 1985) .
Use of seed storage proteins shows promising results in determination of genetic purity. The genes coding for storage proteins synthesis, are grouped in blocks (spectrums) and are inherited monogenically. A block of electrophoretic components is a genotypic marker of a polygenic locus on the level of protein molecule, corresponding to the concept of allele from the clustered locus (Anisimova, Gavrilyuk, 1989; Sozinov, 1985) . It allows to use electrophoretic spectrums of storage protein as markers for determination of genetic purity in identification of sunflower inbred lines.
The objectives of this investigation were: 1. to study the inheritance of protein markers in sunflower inbred lines developed by self-pollination method; 2. to define the specificity of protein markers for different sunflower inbred lines.
MATERIAL AND METHODS
Sunflower samples were sown in plots, each consisting of three rows and fifteen hills per row. Morphological characters of plants were observed during growing season. In the flowering period, all plants were isolated. Self-pollination of plants was performed during flowering period. All plants were harvested separately.
After harvest, electrophoresis of seeds storage proteins (helianthin) was performed on each sample. The electrophoresis was done by the method of Poperelya. The kernel of each seed was conditioned separately and placed in a centrifuge testtube. The fat removal was done with a mixture of glacial acetic acid and acetone. One ml of glacial acetic acid and acetone (30 ml of glacial acetic acid in 1 l of acetone) was added to each test-tube. Test-tube content was stirred with a mechanical mixer for 30-40 s. After that, the working solution of helianthin was added to a mixture of glacial acetic acid and urea (1 l of solution contained 30 ml of glacial acetic acid and 120 g of urea).
Helianthin electrophoresis was done on polyacrilamide gel, at 500 V and the initial current of 50 mA for 2.5 h.
Protein fixation and staining was made in a solution of acetone, glacial acetic acid and Coomassi Brilliant Blue R-250. The obtained gel electrophoretic spectrums were processed in a Documentation and Analysis System.
RESULTS AND DISCUSSION
The electrophoretic method showed the presence of 5 to 6 helianthin spectrums in the electrophoregrams of sunflower samples. The electrophoretic spectrums represented the genes Hel 1, Hel 2, Hel 3, Hel 4, Hel 5 and Hel 6. The genes Hel 1 to Hel 6 have alleles. Each allele controls the synthesis of a polypeptide component represented on the electrophoregrams as a single band with specific mobility. The electrophoretic spectrums were differentiated on the basis of the number of components and their mobility. This allowed to identify the level of homozygosity of each allele (inbred line description).
The electrophoretic spectrums of Hel 1, Hel 2 and Hel 3 polypeptides were characterized by regular occurrence. Their presence in helianthin spectrums of the sunflower samples was uniform. In all inbred lines, the locus of Hel 1 is homozygous, i.e., consists of one fragment. The electrophoretic spectrums of Hel 1 had two alternative variants, which differed in mobility. All branched parent lines (fertility restorers) had the lowest mobility of the first locus, as seen in lines 0111 and 0118 (Figure 1 ).
The use of self-pollination method for the development of the sunflower inbred lines did not affect the electrophoretic spectrums of Hel 2 and Hel 3. Hel 2 and Hel 3 polypeptides are very conservative. Hel 2 had two fragments in 30 sunflower samples. Hel 3 was invariably represented as a single fragment. The loci Hel 2 and Hel 3 control the biosynthesis of two blocks of helianthin components. Hel 2 and Hel 3 are inherited independently of other loci.
A new, rapid component was observed in the activity zone of Hel 3 of 4 inbred lines (9-1168, 10-545, 12-645, 19-556; Figure 1 ). These samples were homozygous for this locus. We interpret the inheritance of this fragment through self-pollination as a consequence of the occurrence of a new gene, Hel 7, on the rapid frontier near Hel 3.
The specificity of Hel 4 in the self-pollinated sunflower samples is that it controls the forming of a single polypeptides block. During the development of the inbred lines, the electrophoretic spectrums of Hel 4 showed a weakening of intensity and the splitting of globulin's basic polypeptides into weak minor components. Once the inbred lines achieved a homogeneous status, the electrophoretic spectrum of Hel 4 became stabilized, with fragments becoming localized with further self-pollination.
Contrary to the electrophoretic spectrums of hybrids and varieties, the number of fragments in the electrophoregrams of the inbred lines was reduced to 10-13. The absence of some fragments in the electrophoretic spectrums of the lines is the result of inbreeding and the regression of genes that control the synthesis of polypeptides.
The different allelic variants of Hel 4 constitute the genotypic difference among the inbred lines 0111, 3-1168, 10-545 and 0118. The electrophoretic spectrum of Hel 4 makes specific allelic variants. The gene controlling Hel 4 is inherited as a single codominant gene. The analysis of the electrophoretic spectrum of Hel 4 shows the absence of dominant-recessive relations. The alleles of Hel 4 work independently in homozygous (inbred lines) and heterozygous (hybrids) materials.
Occurrence of minor locus (null allele) on the electrophoregrams of Hel 5 was typical for 4 samples (2-948, 12-645, 0123, 20-739) . These samples are characterized by independent inheritance of the gene for Hel 5 during self-pollination.
The gene for Hel 6 was represented by a single fragment. There were no allelic changes in Hel 6 during self-pollination and development of the inbred lines. The inheritance of Hel 6 is independent from the other genes.
Six samples of sunflower (5-1257, 5-1093, 6-664, 7-642, 3-948, 7-507) had identical polypeptide spectrums. Two samples were distinguished for different intensity of the first fragments of gene 4.
The level of polymorphism in the sunflower samples was 21.0-63.6%.
CONCLUSION
The polymorphism of storage globulin in sunflower seeds shows that differences in polypeptide composition of helianthin can be used as protein markers for differentiating sunflower genotypes and determining genetic purity of inbred lines. The polypeptides composition of helianthin did not depend on growing conditions. Genotypic determinism of helianthin components, i.e., independence of spectrum types from growing conditions, allow to use protein marker specificity for the development and identification of sunflower inbred lines. Using protein markers, we developed 5 new inbred lines -fertility restorers, 0111, 0116, 0118, 0121 and 0123.
ESPECIFICIDAD DE LOS MARCADORES DE PROTEÍNA EN LAS LÍNEAS CONSANGUÍNEAS DE GIRASOL

RESUMEN
Fue estudiada la herencia de marcadores de proteína en las muestras de 30 líneas consanguíneas de girasol, obtenidas por el método de autopolinización. En el momento de creación de esas líneas consanguíneas, la selección fue efectuada sobre la base de las características morfológicas y el espectro electroforético en las proteínas de reserva de semillas. La pureza genética de las plantas de girasol fue determinada sobre la base del espectro electroforético de proteínas de reserva. Las líneas de girasol se diferían en el espectro polipeptídico de heliantina. Esta característica fue utilizada para la identificación de los genotipos individuales.
De esta forma fueron creadas cinco nuevas líneas consanguíneas de girasol.
SPÉCIFICITÉ DES MARQUEURS -PROTÉINES DANS LES SOUCHES PURES DE TOURNESOL
RÉSUMÉ
La transmissibilité de marqueurs protéines a été étudiée dans les échant-illons de 30 souches pures de tournesol obtenues par la méthode d'autofécon-dation. Au cours de la création de ces souches pures, une sélection a été faite d'après les caractéristiques morphologiques et l'éventail électrophorétique des protéines de stockage des graines. La pureté génétique des plantes de tournesol a été déterminée sur l'éventail électrophorétique des protéines de stockage. Les lignées de tournesol ont montré une différence sur l'éventail polypeptidique d'hélianthine. Cette caractéristique a été utilisée dans l'identification de certains génotypes.
De cette façon, cinq nouvelles souches pures de tournesol ont été créées.
